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Brown and brite/beige adipose tissue improve metabolism and thus
represent potential targets to combat metabolic diseases such as
diabetes and obesity. We apply comparative studies on the molecular
and biochemical function of uncoupling protein 1 (UCP1) to understand
the physiological roles of brown and brite/beige cells during evolution
and to translate UCP1 evolution to new medical venues. In modern
eutherian mammals, brown adipose tissue evolved to a specialized
thermogenic organ that requires activation of mitochondria and UCP1,
which dissipates the proton motive force as heat. Despite the presence
of UCP1 orthologues in ectothermsprior to the divergence of teleost ﬁsh
and mammalian lineages, UCP1's thermogenic role emerged at later
evolutionary stages. Here, we show the signiﬁcance of brown adipose
tissue thermogenesis in an evolutionary context by focusing on the
latest research on phylogenetically distinct mammalian species. In
particular, we established state of the art real-time assays on oxygen
consumption in intact cells and isolatedmitochondria of brown adipose
tissue for quantitative comparative studies of UCP1. The fusion of
physiological, biochemical and molecular data provided novel insights
into the evolution of adaptive nonshivering thermogenesis of eutherian
mammals, potentially linking brown adipose tissue to the onset of
eutherian endothermy. Furthermore, we explore the signiﬁcance of
UCP1 in adipose tissue of marsupials, which diverged from modern
mammals about 150 million years ago and which display no evidence
for classical, brown adipose tissue-derived nonshivering thermogene-
sis. These current studies on marsupial fat aim to elucidate additional
cellular functions of UCP1 beyond classical nonshivering thermogene-
sis, which will help delineate potential roles of brown adipose tissue
and adipocytes that have been termed brite/beige.
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Mitochondria of brown adipose tissue (BAT) generate heat by
oxidizing long chain fatty acid (FA) and play a role in regulating core
body temperature, fat deposition, and body mass. Mitochondrial
thermogenesis in BAT depends on the ability of FA to activate uncoupling
protein 1 (UCP1), an integral protein of the inner mitochondrial
membrane that belongs to the superfamily of mitochondrial anion
carrier SLC25. Upon activation by FA, UCP1 dissipates the mitochondrial
electrochemical H+ gradient to generate heat at the expense of ATP
production. Although ﬁve decades of research resulted in several
possiblemodels of FA-dependent UCP1 operation, the actualmechanism
of UCP1 operation remained elusive. To resolve this problem, we
achieved the direct measurement of UCP1 currents by applying the
patch-clamp technique to the whole inner membrane of BAT mitochon-
dria. We found that FA anions activate UCP1 because they serve as UCP1
transport substrates, and UCP1 operates as a FA anion/H+ symporter.
However, in contrast to short-chain FA anions, physiologically relevant
long-chain FA anions cannot dissociate from UCP1 due to hydrophobic
interactions, and a single long-chain FA anion participates in transport of
many H+. This explains why in physiological conditions, in the presence
of long-chain FA, UCP1 essentially acts as FA-activated H+ uniporter.
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The mitochondria import and export selectively a variety of
substrates to ensure the production of energy required by biological
cells. The exchange processes through its innermembrane aremediated
by the mitochondrial carrier family (MCF). Structural data available for
these proteins remain scarce. The only high-resolution structures
solved have been obtained for the ADP/ATP carrier in complex with a
speciﬁc inhibitor (pdb:1OKC). In contrast, Berardi et al., combining low-
resolution NMR data to a molecular fragment replacement approach,
proposed a tridimensional structure of the isoform 2 of an uncoupling
protein (UCP2) [1] — (pdb:2LCK). Although the latter structure shares
some similarities with that of AAC, we have combined experimental
and theoretical approach to address its biochemical relevance. We
demonstrate that UCP2:2LCK structure mainly consists of a large water
channel spanning the entire protein and connecting both sides of the
membrane, a situation clearly inconsistent with maintaining a proton
gradient mandatory for the mitochondria survival. In detergent
(dodecylphosphocholine) conditions identical to those employed by
Berardi et al., recombinant UCP2 and native UCP1 activities are fully
annihilated. Molecular-dynamics (MD) simulations reveal that
UCP2:2LCK structure is not compatible with a lipid bilayer environ-
ment. When embedded in a model POPC bilayer, the integrity of the
tertiary structure of UCP2:2LCK is not retained and evolves rapidly
toward a compact conformation where the volume of the large water
channel is drastically reduced. We further investigate the behavior of
UCP2:2LCK in DPC through coarse-grained and all-atom MD. Contrary
to the behavior in POPC, the structure of UCP2 remains indeed stable
and fully consistent with the structure derived from low-resolution
NMR data [2]. Put together, our results demonstrate that in DPC, UCP2
and UCP1 are inactivated and at least partly denatured and should not
be employed to provide a rationale to the physiological behavior of MCF.
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